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Objectives: Physicians have poor knowledge of periph-
eral arterial disease (PAD). Inadequate exposure to
PAD in medical school curricula may by a contributing
factor. The objective of this study was to explore the
awareness and knowledge of PAD among medical
students.
Methods: We conducted a descriptive cross-sectional
study using an interview-based survey of the medical
students in the college of medicine of King Saud Uni-
versity Riyadh, KSA.
Results: Of 350 students, 244 students agreed that they
had some knowledge about PAD. More students in their
clinical years (3e5) had heard about PAD compared to
students in their basic science years (1e2; 76.5% versus
65.4%, respectively); however, the overall scores were
low for both groups for recognition of PAD symptoms
(mean scores, 2.83 out of 7 for students in years 3e5
versus 1.81 for students in years 1e2; p < 0.001). The
scores of the knowledge of risk factors were 4.86 and 2.77
out of 7 for students in years 3e5 and 1e2, respectively
(p < 0.001); the scores of preventive measures were 4.28
and 3.13 out of 6 for students in years 3e5 and 1e2
years, respectively (p < 0.001); and the scores of treat-
ments and complications were 4.41 and 3.57 out of 6 for
students in years 3e5 and 1e2 years, respectively
(p < 0.001).
Conclusion: This study has identified an alarmingly low
level of PAD knowledge among medical students. In-
terventions are needed to address this gap in medical
schools’ curricula to improve care for patients with PAD
in future doctors.his is an open access article under the CC BY-NC-ND license
16/j.jtumed.2016.01.010
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Abbreviations: PAD, peripheral arterial disease; MS, medical
student; CAD, coronary artery disease; CVD, cerebrovas-
cular disease
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Peripheral arterial disease (PAD) is a form of systemic
atherosclerosis that serves as a marker for increased burden
of cardiovascular disease.1 Globally, over 200 million people
currently live with PAD; this is an increase of greater than
28% from the year 2000.2 The overall prevalence of PAD
has been reported to be in the 5e18% range, and it varies
among different populations depending on their risk
profile.2 Risk factors for PAD are similar to those for
atherosclerosis, including male gender, advanced age,
diabetes mellitus, hypertension, hyperlipidaemia and
smoking.3 Identifying and modifying these risk factors has
been proven to slow PAD progression and reduce the risk
of cardiovascular morbidity and mortality.4e9
Several studies have shown that physicians’ knowledge
about PAD diagnosis and management is poor; this is one of
the factors that may contribute to suboptimal risk factor
management in PAD patients.10e15 One of the potential
causes for this finding is that medical trainees receive
limited exposure to PAD during medical school.
Knowledge levels of cardiovascular diseases and stroke
among learners at medical and health science schools have
been reported in the literature,15e17 but no data have been
published to assess medical students’ knowledge of PAD.
Therefore, the objective of this study was to assess medical
student awareness and knowledge of PAD. We
hypothesized that the overall knowledge of PAD is low
among our medical student population.
Materials and Methods
A descriptive cross-sectional interview-based survey of
randomly selected medical students at the College of Medi-
cine, King Saud University in Riyadh, KSA, was carried out
between September 2012 and April 2013. This school is the
largest and oldest in the country and is ranked in the top 100
among all medical schools globally according to the 2009
Times QS ranking.18 Approximately 1600 students were
enrolled in the Medical Bachelor and Bachelor of Surgery
program at the time of the survey. This program has a five-
year curriculum: the first two years focus on basic science
knowledge (medical student [MS] 1e2), followed by three
years of clinical training (MS 3e5). Medical students who
graduate are required to complete a one-year internship
period prior to engaging in further specialist training.18 Two
teaching units (one lecture and one teaching session) aredesignated for PAD within the surgical curriculum of the
third year. Furthermore, students may choose to take a
vascular surgery rotation in the fifth year of their surgery
course.Ethical approval
The study protocol followed the principles of the
Declaration of Helsinki and was approved by the Research
Ethics Committee of King Saud University College of
Medicine.Questionnaire
Interview questions were constructed by the research
team and were tested for comprehension and validity on 20
subjects who were not included in the study sample
(Appendix). The survey included questions about the age,
gender and academic level of the participants (i.e., MS
years 1e5). Trained medical interns and medical students
carried out the interviews.
We invited all w1600 medical students to participate in
our interviews through electronic and in-class announce-
ments. Individuals who agreed to participate were initially
asked whether or not they had heard of PAD (primary
outcome). Interviews were terminated with students who
responded “No” to this question, and PAD educational
materials were provided to them. Students who expressed
that they had heard about PAD were asked to list symp-
toms, risk factors, preventive measures, treatment modal-
ities and complications of the disease (secondary outcomes)
using pre-defined open-ended questions such as, ‘What are
the symptoms of PAD?’ Students who expressed that they
had heard about PAD but had no knowledge about the
domain being tested were not asked further questions
relating to that specific domain. No lists or hints were
provided to the students, and they did not have access to the
interview questions. Interviewers only documented the ele-
ments of each knowledge domain correctly identified by
students during the interview.Statistical analysis
Data are presented in percentages and grouped ac-
cording to medical student level (MS 1e2 or MS 3e5). For
each PAD knowledge domain, a maximum score was
established based on the number of elements tested within
each domain (i.e., ‘symptom’ category was given a
maximum score of 7 given the number of possible PAD
symptoms respondents could recognize was 7). Re-
spondents were given a score of ‘1’ for each element
recognized accurately and ‘0’ for each element that was not
recognized accurately. Mean scores for each PAD knowl-
edge domain were calculated based on the collective re-
sponses from each respondent. Differences in responses
between medical student levels were analysed to assess
significance using Pearson’s chi-square test and Fisher’s
exact test as indicated. Differences in scores between
medical student levels were tested using the two-sample t-
test. Significance was set at the 0.05 level, and all p-values
Table 1: Demographic characteristics of medical student
respondents.
Characteristic N %
Total sample 350 100
Gender
Male 183 52.3
Female 167 47.7
Medical school year
First 76 21.7
Second 138 39.4
Third 74 21.1
Fourth 20 5.7
Fifth 42 12.0
PAD knowledge among medical students232are two-tailed. All statistical analyses were conducted us-
ing SAS 9.4 (SAS Institute Inc., Cary, NC, USA).
Results
A total of 350 students participated in the interview
(overall participation rate, 21.9%). One hundred sixty-seven
(47.7%) of the interviewed students were females, and 214
(61.1%) were at the MS 1e2 level (basic sciences years). The
demographic characteristics of the study participants are
presented in Table 1.
Of the total respondents, 106 (30.3%) students reported
that they had not heard of PAD. MS 1e2 students demon-
strated less familiarity with the disease compared to MS 3e5
students, and junior and senior female students were more
familiar with PAD than male students (Figure 1). The 244
(69.7%) students who reported familiarity with the disease
were further asked about its characteristics (Table 2).
There was a trend towards improved knowledge about
PAD among students in their clinical years (MS 3e5)
compared to students in their basic science years (MS 1e
2). However, even MS 3e5 students demonstrated poor
knowledge in several domains. For instance, only 9.6e
56.7% of MS 3e5 students were able to correctly identify
the various signs and symptoms of PAD, and the
proportion of MS 3e5 students who correctly identified theFigure 1: Proportion ofmedical student respondentswho expressed
that they had heard of peripheral arterial disease, presented
according to level of medical school. MS ¼ medical student.well-known cardiovascular risk factors associated with
PAD was as low as 32.4%.
The mean scores of respondents in each PAD knowl-
edge domain are presented in Table 3. MS 3e5 students
scored higher than MS 1e2 students in all areas
(p < 0.001). However, all students demonstrated poor
knowledge of PAD symptoms compared to other
domains (risk factors, preventative measures, treatment
and complications).Discussion
Our results show that medical students have poor
knowledge of PAD. We found that only 69.7% of our
sampled students had heard of PAD. More students in their
clinical years (MS 3e5) had heard about PAD than students
in their basic science years (MS 1e2), and they had higher
overall scores in most PAD knowledge domains; this is
reassuring, as formal PAD teaching occurs in year three of
the medical school curriculum. However, 23.5% of senior
medical students (MS 3e5) indicated that they had not heard
about PAD. This is particularity concerning given the high
estimated prevalence of PAD among the general population
in KSA (11.7%).19 Furthermore, we found that female
students were more familiar with PAD than their male
counterparts at all levels. The reason for this interesting
finding is unclear as all students receive similar educational
material related to PAD, and our study was not designed
to evaluate gender-specific differences.
When students were asked about PAD characteristics, the
major knowledge gap we identified was awareness of PAD
symptoms. Although up to 75% of PAD patients are
asymptomatic,1,20 only 6% of the students correctly
identified this as a possible finding in PAD patients.
Moreover, all medical students had poor performance in
identifying signs and symptoms of intermittent claudication
and critical limb ischaemia. This may be because the
clinical presentation of PAD is not as well recognized as
the presentation of coronary artery disease (CAD), which
commonly manifests as chest pain. Furthermore, the
presentation of PAD can be quite varied depending on the
severity of the disease, ranging from asymptomatic to rest
pain or tissue loss related to severe ischaemia. Therefore, a
greater focus needs to be put on educating students about
the signs and symptoms of PAD in the medical school
curriculum to ensure appropriate diagnosis of this disease
by clinicians.
Modifiable cardiovascular risk factors such as diabetes,
hypertension, hyperlipidaemia and smoking are prevalent in
KSA.21e25 Moreover, a recent study reported that PAD
prevalence is as high as 23% among Saudis with diabetes.26
However, students’ recognition of the association between
these cardiovascular risk factors and PAD was poor in our
study, as was recognizing that risk factor modification can
prevent adverse outcomes of PAD. Furthermore, the
overall knowledge of PAD risk factors was lower in our
medical student cohort compared to the knowledge of
cardiovascular risk factors reported among allied health
students.16,17 This may be because medical school curricula
generally focus on educating students about cardiovascular
risk factors in the context of CAD, a strategy that may
Table 2: Identification of PAD characteristics by medical student respondents.
Knowledge domain Medical student level p Value OR (95% CI)
MS 1e2 (%)
(N ¼ 140)
MS 3e5 (%)
(N ¼ 104)
Symptom
Claudication 20.0 56.7 <0.001 5.24 (2.97e9.25)
Numbness 45.0 48.1 0.63 1.13 (0.68e1.88)
Coldness 34.3 42.3 0.20 1.41 (0.83e2.37)
Rest pain 17.9 42.3 <0.001 3.37 (1.89e6.04)
Ulcers 11.4 35.6 <0.001 4.28 (2.22e8.26)
Paralysis 14.3 21.2 0.16 1.61 (0.83e3.14)
Asymptomatic 3.6 9.6 0.05 2.87 (0.95e8.68)
Don’t know 19.3 9.6 0.04 0.44 (0.21e0.97)
Risk factor
Diabetes 36.8 66.7 <0.001 3.43 (2.02e5.82)
Smoking 42.9 64.0 0.001 2.37 (1.41e3.97)
High cholesterol 39.9 62.2 <0.001 2.48 (1.48e4.16)
Hypertension 36.8 57.7 0.001 2.33 (1.39e3.91)
Personal/Family history 18.1 36.0 0.002 2.56 (1.42e4.61)
Male gender 7.5 36.0 <0.001 6.93 (3.27e14.7)
Old age 24.8 32.4 0.19 1.45 (0.83e2.54)
Don’t know 38.4 27.0 0.06 0.60 (0.35e1.03)
Preventative measure
Lifestyle changes 63.6 92.3 <0.001 6.88 (3.09e15.3)
Diabetic control 45.0 78.9 <0.001 4.56 (2.56e8.11)
Smoking cessation 42.1 76.0 <0.001 4.34 (2.48e7.60)
Hypertension control 47.9 69.2 <0.001 2.45 (1.44e4.17)
Dietary changes 55.7 67.3 0.08 1.64 (0.96e2.78)
Medications 26.4 40.4 0.02 1.89 (1.10e3.24)
Don’t know 10.1 1.0 0.003 0.09 (0.01e0.67)
Treatment
Surgical 4.3 7.7 e e
Medical 42.1 7.7 e e
Both 40.0 79.8 e e
Don’t know 13.6 4.8 e e
Local complication
Tissue loss 51.4 75.0 <0.001 2.83 (1.63e4.93)
Amputation 32.9 58.7 <0.001 2.90 (1.71e4.91)
Don’t know 36.4 13.5 <0.001 0.27 (0.14e0.53)
Systemic complication
Myocardial infarction 42.1 57.7 0.02 1.87 (1.12e3.13)
Stroke 34.3 57.7 <0.001 2.61 (1.50e4.41)
Renal artery stenosis 16.4 29.8 0.01 2.16 (1.17e3.99)
Don’t know 38.6 24.0 0.02 0.50 (0.29e0.89)
Note: MS 1e2, medical student years 1e2; MS 3e5, medical student years 3e5; OR, odds ratio; CI, confidence interval.
M.H. AlHamzah et al. 233leave students ill-equipped to make the connection between
cardiovascular risk management and other manifestations of
atherosclerosis such as PAD, cerebrovascular disease (CVD)
and renovascular disease. Perhaps an integrated curriculum
that focuses on cardiovascular risk management of all
manifestations of atherosclerosis collectively can help in-
crease awareness of PAD among medical students.
Limitations
This study has notable limitations that merit discussion.
First, this study only included a single medical school with a
limited sample size, and results should be applied with
caution to other medical schools with different curricula.
Second, there was unequal distribution among medicalstudents of different levels, which may have caused an
overestimation of the gap in student knowledge. However,
junior- and senior-level medical students were separated
during statistical analysis to account for this difference.
Third, subjective variations between interviewers and their
reporting of responses may have existed. Finally, because the
two PAD teaching sessions were delivered at variable times
in the curriculum’s third year, some of the MS 3 students
may not have had formal PAD teaching at the time of the
study.
Conclusions
PAD is a disabling chronic disease with a high prevalence
among the general population. In this study, medical
Table 3: Mean scores of medical student respondents based on
PAD knowledge domain.
Knowledge domain Maximum
score
Medical student
score (mean, SD)
p Value
MS 1e2 MS 3e5
Symptoms 7 1.81 (1.16) 2.83 (1.60) <0.001
Risk factors 7 2.77 (1.71) 4.86 (1.59) <0.001
Preventative
measures
6 3.13 (1.52) 4.28 (1.44) <0.001
Treatment/
complicationsa
6 3.57 (1.24) 4.41 (1.17) <0.001
Note: MS 1e2, medical student years 1e2; MS 3e5, medical
student years 3e5; SD, standard deviation.
a Treatment and local/systemic complication domain compo-
nents were combined to give a maximum combined score of 6.
The combined sample for treatment/complication domain
(N ¼ 61) represents students who expressed knowledge of
treatment and local and systemic complications. For treatment,
students who responded ‘both’ were scored as 1, whereas ‘med-
ical’ or ‘surgical’ responses were scored 0.
Questionnaire for the study: “An Interview-based Survey to
Assess Knowledge of Peripheral Arterial Disease among
Medical Students”
Part I: Demographic information.
1. Gender
Male
Female
2. Year in medical school
First
Second
Third
Forth
Fifth
Part II: PAD knowledge.
3. Have you heard about peripheral arterial disease (PAD)?
Yes
No (concludes the interview)
4. What are the symptoms of PAD?
Do not know
No symptoms
Intermittent claudication (cramping leg pain while
walking)
Rest pain
Ulcer
Coldness
Numbness
Paralysis
5. What are the risk factors for PAD?
Do not know
Old age
Smoking
Diabetes
Hypertension
Hyperlipidaemia
Male gender
Personal/Family history
6. What are the preventive measures of PAD?
Do not know
Smoking cessation
Dietary changes
Lifestyle changes
Diabetes control
Hypertension control
Medications (risk reduction therapy)
7. How can PAD be treated?
Do not know
Surgery
Medical treatment
Both
8. What are the complications of PAD?
Do not know
Local complications:
Tissue loss
Amputation
Systemic complications:
Myocardial infarction
Stroke
Renal artery stenosis
PAD knowledge among medical students234students demonstrated poor knowledge of PAD, a finding
that may help explain the lack of awareness about PAD
diagnosis and management among clinicians. Although this
finding is from a single medical school, it may reflect other
similar institutions. Further research is required to confirm
and address this problem at the medical school level. An
integrated curriculum that presents CAD, PAD, CVD and
renovascular disease altogether as different presentations of
a single entity (atherosclerosis) may be a useful approach.
Increasing awareness about PAD among medical students
will allow them to provide more effective care to these high-
risk patients as physicians and help bridge the gap between
knowledge and practice.
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